Willingness to Pay for Avoiding Infection of Climate Change Diseases, in Particular Tsutsugamushi Disease  by Rhee, Hae-Chun
Osong Public Health Res Perspect 2013 4(1), 16e20
http://dx.doi.org/10.1016/j.phrp.2012.12.003
pISSN 2210-9099 eISSN 2233-6052- ORIGINAL ARTICLE -Willingness to Pay for Avoiding Infection of
Climate Change Diseases, in Particular
Tsutsugamushi DiseaseHae-Chun Rhee
School of Economics, Sungkyunkwan University, Seoul, Korea.Received: December
17, 2012
Revised: December 21,
2012
Accepted: December
22, 2012
KEYWORDS:
climate change diseases,
contingent valuation,
tsutsugamushi,
willingness to payE-mail: rheehc@skku.edu, rheehc@gmail
This is an Open Access article distribu
creativecommons.org/licenses/by-nc/3.0
medium, provided the original work is pr
Copyright ª 2013 Korea Centers for DiseAbstract
Objectives: As the prevalence of tsutsugamushi disease has tripled over the past
decade to affect 8307 people in October 2012, this study is conducted to esti-
mate the willingness to pay (WTP) to avoid infection of tsutsugamushi disease in
order to analyze the loss of value caused by climate change diseases.
Methods: The double-bounded dichotomous choice of contingent valuation
method was used to estimate the WTP to avoid infection of tsutsugamushi
disease, through surveys conducted in the patient group (n Z 120) and the
control group (n Z 240).
Results: More young people in the family, higher level of awareness of risks
caused by climate change, more male members (as opposed to female), higher
income, lower suggested bid, and greater WTP, is better positioned to avoid
infection of disease. The mean of the amount of WTP has been estimated to be
3689 Kwon per month.
Conclusion: As people have become increasingly aware of climate change
diseases, WTP to avoid infection of tsutsugamushi disease has increased
accordingly. The implicit loss of value due to climate change diseases is
becoming increasingly higher. Therefore, there should be stronger and more
aggressive promotional activities to prevent people from being infected with
tsutsugamushi disease and to build a healthier society free from climate change
diseases.1. Introduction
Of the many types of infectious climate change
diseases (CCDs) caused by either insects or rodents re-
ported by the World Health Organization (WHO), tsut-
sugamushi disease is most common in Korea. Although.com
ted under the terms of the
) which permits unrestrict
operly cited.
ase Control and Preventiontsutsugamushi has been considered an infectious disease
that mostly affects women and the elderly in agricultural
areas, it has begun to spread across the country and
across different age groups. The number of patients
infected tsutsugamushi (based on patient reports) grew
sharply from 2637 in 2001 to 6780 in 2005, after which
the number fell moderately over next several years butCreative Commons Attribution Non-Commercial License (http://
ed non-commercial use, distribution, and reproduction in any
. Published by Elsevier Korea LLC. All rights reserved.
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2012). The number of persons infected by tsutsugamushi
increased more than three times during the period
2001e2012. The prevalence of this disease in Korea has
been on a steady rise over the past few years (Figure 1).
As indicated by the WHO, the reason for such high
prevalence of tsutsugamushi disease is climate change.
One of the major methods used to estimate the loss
caused by diseases is the contingent valuation (CV)
method that encompasses all the implicit values. Diener
et al [1] compared research results based on the CV
method, while Yen et al [2] estimated the value of
vaccines used to block the infection of SARS in Taiwan.
Krupnick et al [3] analyzed the loss of value caused by
death-causing diseases in Ontario, Canada. Alberini et al
[4] estimated the WTP for the value of a statistical life in
EU countries such as the UK, Italy, and France. The CV
method was used for estimating the loss of social values
due to avian influenza and other zoonotic diseases in
Korea [5e7]. This study analyzed the social loss caused
by tsutsugamushi disease in Korea and aimed at making
policy suggestions on prevention and control of the
CCDs, including tsutsugamushi disease, which is one of
the major CCDs in Korea affecting a growing number of
patients.pyy
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2.1. Survey
The contents of a face-to-face survey included
questions regarding explanation on damage caused by
tsutsugamushi disease, awareness of human safety
(risks), awareness about the CCDs, WTP to avoid
infection from these diseases, and the respondent’s
characteristics. In order to provide respondents with
information on tsutsugamushi disease, two explanation
cards were used. Card 1 had detailed information on the
infection route, treatment, prevention, and symptoms of
tsutsugamushi disease, while Card 2 had cartoons to
help people understand tsutsugamushi disease better.
The survey procedures included training the survey
conductors, performing pilot tests, and conducting face-
to-face survey during JanuaryeApril 2012.
The stratified sampling method was used to select
samples from patients at local public health centers
across different age, regions (provinces in agricultural
regions), gender, and education groups. The control
group sample was selected randomly, consideringdemographic characteristics of the patient group. The
patient group had 120 patients and the control group
240 patients. Among them, 114 patients in the patient
group and 231 in the control groupda total of 345
patientsdparticipated in the survey. The grades of
first suggested bids were 1000, 5000, 10,000, and
50,000 Kwon.
2.2. Statistical model
WTP to avoid infection of tsutsugamushi disease was
estimated based on the double-bounded dichotomous
choice (DBDC) CV method. DBDC questions were
formed and asked in the following way [8e10]: The first
bid (B) was suggested to the respondent (i). If the
respondent was willing to pay the first bid (responded
“yes”), then a higher second bid ðBui Þ was presented to
the same respondent to check whether he/she responded
“yes” or “no.” For those respondents who answered
“no” to the first bid (B), a lower second bid ðBdi Þ was
presented to them respondent to see whether they
responded “yes” or “no”. The probability of accepting
the suggested bids are defined as follows:
where pyyðBi;Bui Þ is the probability of respondents
responding “yes” to both Bi and B
u
i , p
ynðBi;Bui Þ is the
probability of respondents responding “yes” to Bi and“no” to Bui , p
nyðBi;Bdi Þ is the probability of respondents
responding “no” to Bi and “yes” to B
d
i , and p
nnðBi;Bdi Þ is
the probability of respondents responding “no” to both
Bi and B
d
i . WTPi is the amount that respondent i is
willing to pay and q is the parameter vector.
The log-logistic cumulative distribution function,
F(B; q) is established as follows:
FðBÞZF a xib bbidlnB ð2Þ
where a is a constant, xi is the vector for the charac-
teristics of respondents, and b is the coefficient param-
eter vector of xi; bbid is the coefficient parameter of ln B
and B is the bid that has a positive value. F(B) is the
logistic distribution function or the normal distribution
function.
If we create a log probability function by trans-
forming the response probability of each respondent by
applying parameters conditionally in Equations (1) and
(2), the probability of observing a specific response
observation (1, ., N ) from a specific N number of
respondents can be expressed by the following likeli-
hood function:
Figure 1. Change in the number of tsutsugamushi disease patients. Note. From Korea Centers for Disease Control and
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where N is the number of observations, and d
yy
i , d
yn
i , d
ny
i ,
and dnni are the dummy variables of the following
values. For example, if d
yy
i :(yes, yes) Z 1, everything
else is 0; if d
yn
i :(yes, no) Z 1, everything else is 0; if
d
ny
i :(no, yes) Z 1, everything else is 0; and if d
nn
i :(no,
no) Z 1, everything else is 0.
The maximum likelihood estimator of parameter q is
the q value maximizing the value of the likelihood
function in Equation (3). This requires finding the
maximum value of the log likelihood function ln L(q) by
setting the differential value of q at "0". The calculation
is as follows:
vlnLðqÞ
vq
Z0 ð4Þ
If we substitute vector xi, which is composed of the
estimated parameters and the mean of each attribute in
Equation (2), we can calculate the acceptance proba-
bility of the bid amount B of an average respondent.
This probability function is hypothesized using the
logistic (or normal) function.
The mean is generally calculated through the integral
calculus of the probability function for the total WTP.
However, if this function converges to "0", the mean
value may diverge, so in some cases the truncated mean
Prevention, infectious disease website.Table 1. Basic statistics of major variables
Variables Description
UND Understanding of the burden-sharing system
FA18 Number of family members under the age of 1
CCD Awareness of climate change diseases
INC Incomes (million Kwon/y)
BID Suggested bid (won)
SE Z standard error.is used [11,12]. If the acceptance probability of each bid
amount B of average respondents is S(WTP) and the
acceptance probability of the maximum bid amount is
S(WTPMAX), the adjust truncated mean is calculated as
follows:
EðWTPÞZ
ZWTPMAX
0
SðWTPÞ
1 SðWTPMAXÞ dWTP ð5Þ
The median of WTP is used to facilitate a comparison
with the mean value. The median can be calculated
using the relation in Equation (6):
MeðWTPÞZexp
"baþ xbbbbbid
#
ð6Þ
The confidence interval for the representative value is
estimated using the bootstrap method based on resam-
pling. In this study, WTP to avoid infection of tsutsu-
gamushi disease was estimated in the above method
using the program Limdep 8.0.3. Results
3.1. Characteristics of respondents and
awareness of CCD
Of 114 respondents in the patient group, 69% of the
patients were aged 60s and older, while 27% and 3%Mean SE Min Max
0.5633 0.4968 0 1
8 0.4533 0.8662 0 4
4.5800 1.8151 1 9
2820 2163 750 75,000
32,770 37,743 1000 100,000
Table 2. Results of WTP estimation
Variable Description Coefficient t ratio p
CONST Constant 5.16283 5.11 0.0000
UND Understanding of the burden-sharing system 3.97417 9.01 0.0000
FA18 Number of family members under the age of 18 0.28811 1.83 0.0670
ACCD Awareness on risks associated with CCD 0.30147 2.14 0.0328
INCL Incomes (log figure) 0.00005 8.01 0.0000
BID Suggested bids 1.11732 11.70 0.0000
Willingness to pay for avoiding infection 19were in their 50s and 40s, respectively. The patient
group and the control group A had the same age
composition, but the control group B sample was
selected randomly. The average monthly income of the
respondents was 1.78 million won; average monthly
income of the patient group (1.68 million won) was
smaller than that of the control group (1.84 million won).
An analysis of the respondents’ or their family
members’ exposure to CCDs over the past 3 years
demonstrated that about 7.7% of the respondents were
exposed to CCDs during the period; among them 13.4%
in the patient group and 10.5% in the control group said
that they were exposed to CCDs caused by flooding/
draught, followed by diseases caused by high tempera-
ture (heat wave) and air pollution. The respondents who
said that they were exposed to vector-borne diseases
accounted for the lowest proportion at less than 2%.3.2. Results of WTP estimation
In the patients group, 44.7% of the patients were
willing to pay, while 53% and 51.7% of the respondents
in the control groups A and B, respectively, were willing
to pay to avoid infection of tsutsugamushi disease.
The variables used for WTP estimation were the
degree of awareness of CCDs, level of understanding of
the burden-sharing system, demographic characteristics,
incomes, and the suggested amount of bid (Table 1).X
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Figure 2. Probability curve of WTWTP for avoiding to tsutsugamushi disease was esti-
mated using the WTP equation. The dependent variable
was to accept the suggested bid or not (yesZ 1, noZ 0).
Let us take a look at t test statistics indicating the
significance of the estimated valuables. Variables such as
level of understanding of the burden-sharing system
(UND), income level (INCL), and suggested bid (BID)
are significant at the 95% confidence level, while expe-
rience of CCD and the number of young family (FA18)
are significant at the 90% confidence level.
The results of WTP estimation (Table 2) demonstrate
that respondents with a better understanding of the
burden-sharing system, higher number of family
members under the age of 18, higher level of awareness
of risks associated with CCD, higher income level,
lower suggested bid have increased willingness to pay.
Figure 2 presents a probability curve showing the
WTP to avoid infection of tsutsugamushi disease. The x-
axis shows the suggested bid and y-axis the probability
of acceptance of bids. The integral value of the proba-
bility curve indicates the average WTP value.
The mean WTP value was estimated to be
4368 Kwon/mo, the truncated mean 3689 won/mo, and
the median value 1194 won/mo. The difference between
the mean value and the median value is huge, indicating
that the acceptance rate falls drastically when the sug-
gested bid gets higher. Hence, the truncated mean value
can be chosen as a representative WTP value (Table 3).1 
60000 80000 100000
fined Function
P. WTP Z willingness to pay.
Table 3. WTP value of the representative respondent
Mean
Truncated
mean Median
WTP value to avoid infection
of tsutsugamushi disease
4368 3689 1194
Unit: Korean won/mo.
20 H.-C. Rhee4. Discussion
Results of this study and the previous studies were
compared to examine changes over time. In the research
on WTP estimation conducted by Rhee et al [7], which
used the CV method, the WTP value for avoiding infec-
tion of tsutsugamushi disease was estimated to be 2918
won/mo. A comparison of the results of this study indi-
cates that people have become increasingly aware of
tsutsugamushi disease and are increasingly willing to pay
to avoid its infection. Considering the fact that tsutsuga-
mushi disease is increasingly being considered to be one
of themajor CCDs inKorea, it can be inferred that the loss
of value caused by CCD has increased in recent years.
In another research by Rhee and Lim [5], the WTP
value to avoid avian influenza was found to be 6399
Kwon/mo in Korea, while in the study by Kim et al [6]
WTP to avoid infection of brucellosis was estimated to
be 9149 won/mo. These research results highlight the
fact that the loss of value caused by CCDs is highest for
brucellosis (9149 won/mo), followed by avian influenza
(6399 won/mo) and tsutsugamushi (3689 won/mo).
Such results are related to the effects of CCDs on
preventive medicines, industry, and economy. That is,
zoonoses affect both humans and animals through
various infection routes and hence can spread at a much
faster rate than other infectious diseases, thus having
more significant effects on the society and economy.
When compared with previous researches conducted
using the CV method, it is clear that people have become
increasingly aware of tsutsugamushi disease over the past
3 years and the amount they are willing to pay to avoid
infection has increased accordingly, indicating that the
loss of social and economic values caused by CCDs is
increasing. Moreover, a comparison of various CCDs
shows that the loss of social and economic values caused
by zoonoses such as brucellosis and avian influenza,
which are increasingly affecting a larger number of
people, is relatively bigger than that caused by vector-
borne diseases such as tsutsugamushi disease.
As indicated in the study results, although tsutsu-
gamushi disease is increasingly affecting urban
regions, it is mostly prevalent among those who workoutside in rural agricultural areas. Although the
number of tsutsugamushi patients decreased slightly
over the past few years, thanks to strong prevention
efforts, it increased rapidly in 2012 due to abnormal
weather conditions. Strong disease prevention efforts
and campaigns also helped boost people’s awareness
on CCDs, making people willing to pay more to avoid
infection of tsutsugamushi disease or the implicit loss
caused by CCDs.Acknowledgments
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